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During the production of an epidermal hyperplasia 
following abrasion, or the application of 17 nmoles of 12-
0-tetradecanoyl-phorbol-13-acetate (TPA) on the back 
skin of female CD-1 mice there is a marked increase in 
ribosomes. During the period of regression, when the 
epidermis returns to its normal size, the ribosome con-
tent also returns to normal. 
To determine the contribution of ribosome synthesis 
to the accumulation of ribosomes, mice at varying inter-
vals after abrasion or treatment with 17 nmoles of TP A 
were injected with (5- 3H) uridine (100 /LCi, I.P.), 3 hr 
later the mice were sacrificed, the cytoplasmic ribosomes 
isolated, and the incorporation of (5- 3H) uridine into the 
cytoplasmic ribosomes was determined. During the pro-
duction of epidermal hyperplasia, following either abra-
sion or TP A treatment, there is a significant increase in 
the incorporation of (5- 3H) uri dine into the rRNA of the 
cytoplasmic ribosomes, suggesting that there is an in-
crease in ribosome synthesis. During the period of epi-
dermal regression, ribosome synthesis returns toward 
normal levels. There is a rough correlation between the 
amount of hyperplastic growth and the degree of ribo-
some synthesis. Abrasion induces about a 2-fold greater 
increase in epidermal mass, compared to TP A treatment. 
Accordingly, at its peak ribosome synthesis is about 2 
times greater after abrasion than after TP A treatment. 
The mechanism by which cells mobilize their protein syn-
thetic machinery for growth, be it normal, hyperplastic, or 
neoplastic, is one of the important unanswered questions for 
students of growth regulation. We are interested in the regula-
tion of hyperplastic growth. Hyperplastic growth is character-
ized by a period of overproduction of a tissue followed by a 
period of regression, during which the tissue in question returns 
to its normal size. Hyperplastic growth is the form of growth 
that many lining epithelia such as the epidermis, esophagus, 
vagina, and the epithelial lining of the GI tract show in response 
to damage. It is also a transformation step in the process of 
carcinogenesis. 
The tissue which we use to study the regulation of hyper-
plastic growth is the epidermis. We have been studying the 
mobilization of ribosomes, as an indicator of how the protein 
synthetic machinery is harnessed during hyperplastic growth, 
initiated by abrasion [1], following treatment with tumor pro-
moters and carcinogens [2,3] and during the process of chemical 
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carcinogenesis [4]. We have found that during the production 
of an epidermal hyperplasia there is a massive accumulation of 
ribosomes in the epidermal celis, this accumulation of ribosomes 
persists so long as the epidermis is hyperplastic. Ribosome 
numbers return to normal levels during the period of regression 
when the epidermis returns to its normal size [2-5]. 
The question arises how this massive accumulation of ribo-
somes is brought about during the production of the epidermal 
hyperplasia, and how ribosome numbers return to normal levels 
when the hyperplasia regresses. This paper will report the 
results of our investigation which demonstrates that increased 
ribosome synthesis plays a major role in the accumulation of 
ribosomes in an epidermal hyperplasia produced by either 
abrasion or treatment with the tumor promotor 12-0-tetrade-
canoyl-phorbol-13-acetate (TPA). We will also demonstrate 
that a decrease in ribosome synthesis plays an important role 
in the return of ribosomes to normal levels when the epidermal 
hyperplasia regresses. 
MATERIALS AND METHODS 
CD-1 female mice approximately 40 days of age, were purchased 
from Charles River Farms (Wilmington, Mass.). The mice were kept in 
an air-condi tioned animal room with a 12-hl' light/dark cycle. Food 
pellets and water were available ad libitum. The mice were allowed 
about 2 weeks for acclimatization before being placed in an experiment. 
At this time, the skin on the backs of the mice is usually in the resting 
phase of the hair growth cycle. 
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The technique for inducing epidermal regeneration following re-
moval of the epidermis by abrasion with a fe lt wheel mounted on a 
motor tool, has been described [1,6]. Abrasion was a lways done between 
9-10 AM. The regeneration of the epidermis occurs from the cells of the 
underlying hair follicles [6]. The technique for determining the wet 
weight of the epidermis in a unit area of back skin (l()() cm" of skin) has 
been described [6]. The epidermis was separated from the dermis by 
scraping [I). 
Because of the fragility of the small amounts of regenerating epider-
mis obtained at 1 and 2 days following abrasion, as well as the presence 
of an intense inflammatory response, no meaSUl'ements of wet weight, 
protein and DNA were possible at these days. 
Mice to be treated with TP A were clipped and 2 days later 17 nmoles 
of TPA was applied to the backs of the mice in 0.2 ml of reagent grade 
acetone using a Biopete. The TPA was purchased from Dr. Peter 
Borchert, Chemical Carcinogenesis, Eden Praire, MN. 55344. The TPA 
was always applied between 8 and 9 AM. 
Epidermal homogenates 4% w/v were prepared from the pooled 
epidermis of 9 normal mice, 18 abraded mice, or 9 mice treated with 
TPA, in 0.25 M buffered sucrose, as already described [1]. Total cyto-
plasmic ribosome fraction (TCR) was prepared essentially according to 
Blobel and Potter [7], except that the ribosomes were isolated from 2 
ml of the postmitochondrial supernatant (PMS). We isolated the TCR 
from the PMS because we had shown, that with either normal or 
hyperplastic mouse epidermis, we can get as good a quantitative recov-
ery of ribosomes from the PMS, as we get from the postnucleru' 
supernatant and with less contamination from the nucleru' fraction 
[8]. 
Cytoplasmic rRNA, homogenate RNA and DNA, were isolated using 
a Schmidt-Thannhauser procedUl'e [9]. The rRNA and RNA were 
measured using the extinction coefficient 1 A2fIJ Unit = 32 p.g RNA/ ml 
[9]. We have previously shown that this measurement gives s imilar 
results to the orcinol reaction [8]. The DNA was measured using the 
diphenylamine reaction [8]. Homogenate protein was determined using 
the Lowry technique [10]. 
May 1981 rRNA SYNTHESIS IN EPIDERMAL HYPERPLASTIC GROWTH 389 
(5-"H) uridine, specific activity of 25-30Ci/mmol, at a concentration 
of 1.0 mCi/m1 in sterile water, was purchased from Amersham/Searle, 
Arlington Heights, II. For the determination of the linearity of the time 
course of the incorporation of the (5-"H) uridine into rRNA and RNA, 
between 8 and 9 AM, mice were injected with 100 !LCi, intraperitoneally 
(I.P.) and killed at various time intervals. Radioactivity ill t he serum 
was determined by obtaining blood from the retro-orbital vein of the 
eye, a llowing it to clot, centrifuging it, and removing the serum. For the 
study of the incorporation of (5-"H) uridine into rRNA or RNA, of 
normal and hyperplastic epidermis at varying intervals following abra-
sion, or the application of TPA, mice were injected I.P. with (5-;)H) 
uridine, between 8 and 9 AM, and sacrificed 3 hr later. A 3-h1' pulse was 
used because it allowed sufficient time for adequate labeling of the 
rRNA in the cytoplasmic ribosomes. 
The amount of radioactivity in the whole homogenate, and in the 
isolated resuspended ribosomes was measured by placing 0.2 mI of each, 
in a sc int illation vial, adding 1 mI of NCS tissue solubilizer (Amersham/ 
Searle, A1'lington Heights, 11.) , shaking, and letting stand for at least 30 
m in, or until clear, and then adding 10 mI of Omnifluor (New England 
N uclear, Boston, MA.), made up using reagent grade toluene. The 
radioactivity in 2 ml of the extracts of rRNA, RNA and the acid soluble 
pool, was measured by adding 15 ml of Aquasol-2 (New England 
Nuclear, Boston, MA.). The radioactivity was measured using a Beck-
man LS-255 Spectrometer. The coun ting efficiency was determined 
using an in ternal standard (aH) toluene, purchased [Tom Amersham/ 
Seru·le). The counting efficiency using the NCS-Omnifluor system was 
about 45%, and that of the Aquasol-2 system was about 35%. 
Because the amount of rRNA and RNA varied during the course of 
epidermal hyperp lastic growth fo llowing abrasion or TPA treatment, 
t he specific activity was calculated per mg DNA. This also permitted 
us to diJ'ectly compare the incorporation of precursor in the acid soluble 
pool with that in the rRNA and RNA. Since s ignificant changes in the 
acid soluble pool occurred, aU the incorporation data were normalized 
to take these changes into accoun t. The normalization procedure was 
as follows. We present it for rRNA, but the same procedure was used 
to normalize the data for the RNA. 
dpm in Acid soluble pool/mg DNA 
in hyperplastic epidermis 
dpm in rRNA/mg DNA 
dpm in Acid soluble pool/mg DNA 
of normal epidermis 
x = normalized dpm in rRNA/ mg DNA 
in hyperplastic epidermis 
Every time normal, abraded, or TPA-treated mice were sacrificed 
fo r the isolation of ribosomes, a biopsy specimen of the skin was taken, 
fixed in 10% buffered formalin and processed for routine histological 
study, staining with hematoxylin and eosin, and for autoradiography. 
S lides for autorad iography were dipped in NTB-2 nucleru' track emul-
sion (Eastman Kodak, Rochester, New York), and stored for about 4 
weeks before being developed. These slides were light ly stained with 
hematoxylin. 
Statistical analysis was done using the Student's t-test, ruld the 
nonparametric Mann-Whitney U test (11). P values obtained by both 
techniques were quite close. The P-value reported is always the larger 
of the two. P-values of 0.05 or less were considered significant. 
RESULTS 
Our first objective was to ascertain that there is a linear 
incorporation of (5-3H) uridine, the isotope of choice for our 
study, in both normal and hyperplastic epidermis. Figure 1 
shows that there is essentially a linear incorporation of (5-3H) 
uridine into rRNA and RNA of normal and hyperplastic epi-
dermis, the latter obtained from mouse skin 5 days after abra-
sion. Figure 1 also shows that within 1 hr, the acid soluble pool 
a nd the serum show a high radioactivity which remains elevated 
for the rest of t he experimental period. 
The full significance of our findings on ribosome synthesis 
during epidermal hyperplastic growth require that .our results 
not only be referred to the kinetics of ribosome accumulation 
which occurs, but also to the kinetics of the epidermal hyper-
plastic growth itself. The kinetics of the epidermal hyperplastic 
growth have been described by Argyris [1 ,6]. Although we have 
confirmed many of these observations in this investigation we 
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FIG 1. Tinle course of incorporation of (5_3H) uridine into serum, 
acid solub le pool (A2,;o units), rRNA ruld RNA of normal and hyper-
plastic epidermis of CD-l female mice. Vertical bars represent the 
standard error of the mean. 
will not present them again. Suffice to say that the pattern of 
epidermal regeneration following abrasion is similar to that of 
the ribosome accumulation (Fig 2C). 
Following abrasion, as has been previously shown [1], there 
is a dramatic increase in the accumulation of ribosomes in 
epidermal cells as indicated by the increase in the ratio of 
rRNA/DNA (Fig 2C). Also, as we have earlier demonstrated 
[1], the increase in rRNA/ DNA is not simply accounted for by 
a decrease in the DNA, because almost comparable increases 
in rRNA/gm epidermis occur (not shown) . 
Figme 2B shows that by day 3 after abrasion, the first interval 
that we can harvest sufficien t epidermis to make determina-
tions, there is a highly significant increase (P < 0.001) in the 
incorporation of (5_3H) midine into rRNA of epidermal cyto-
plasmic ribosomes. The incorporation of (5_3H) uridine is given 
per mg DNA because the rRNA is constantly changing. The 
incorporation of (5_:JH) uridine remains high until 7 days after 
abrasion, and then begins to gradually decrease toward normal 
levels. However, as Table I indicates, concomitant with the 
increased incorporation of (5-"H) w-idine into rRNA, there is 
an increase in the size of the acid soluble pool (P < 0.01), and 
at 3, 5 and 7 days a m odest but significant increase (P < 0.05) 
in the radioactivity of the acid soluble pool. Therefore, the 
increase in the incorporation of (5_3H) w-idine into rRNA might 
be an aJ·tifact due to the increase in the availability of increased 
labeled rRNA precursors in the acid soluble pool. But even if 
one takes into account the changes in the size of the acid soluble 
pool, as well as changes in the specific activity of the acid 
soluble pool, we still see a (Fig 2A) significant increase (P < 
0.005) in the incorporation of (5-3H) midine into the rRNA of 
the cytoplasmic ribosome of the epidermal cells by 3 days after 
abrasion, which remains high for the next few days and then 
gradually retw-ns to normal levels. 
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In Fig 3, a similar analysis for the incorporation of (5-"H) 
uridine into homogenate RNA in the regenerating epidermis 
following abrasion is presented. As in the case for rRNA, we 
have previously demonstrated [1] and confirm in this investi-
gation (not shown) that the increase in RNA, as evidenced by 
an increase in the RNA/DNA, is not an artifact due to a 
decrease in the amount of DNA. Also it is clear that even when 
appropriate corrections are made for possible contribution of 
the ch anges in the acid soluble pool to the increase in the 
incorporation of (5_3H) uridine into RNA, regenerating epider-
mis shows a marked increase in the incorporation of (5_3H) 
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FIG 2. The ratio of rRNA/DNA, and the incorporation of (5-"H) 
uridine, into the rRNA of mouse epidermal cytoplasmic ribosomes, at 
varying in tervals following abrasion. Vertical bars represent the stan-
dard error of the mean. 
TABLE 1. The ratio. of A 2GO/ DNA and the incorporation of (S.3R) 
uridine into the acid soluble pool in regenerating epidermis of CD- I 
female mice following abra,5ion 
Days post A1r..o Uni ts
U Abraded dpm in A,y.l Units Abraded 
abrasion mgDNA Normal mgDNA Normal 
Normal 4.90 ± 0.40" 38700 ± 4960 
(6) " (6) 
·3 10.1 ± 2.0 2.1 87790 ± 17370 2.3 
(5) (5) 
5 10.9 ± 0.96 2.2 71150 ± 10170 1.8 
(6) (6) 
7 17.3±1.l 3.5 80«0 ± 14060 2.1 
(7) (7) 
9 26.2 ± 3.6 5.4 51040 ± 9030 1.3 
(5) (5) 
10 21.3 ± 2.3 4.4 46260 ± 1680 1.2 
(4) (4) 
15-16 19.2 ± 2.1 3.9 38200 ± 1930 0.99 
(5) (5) 
19-20 17.6 ± 2.4 3.6 47720 ± 9080 1.2 
(6) (6) 
" Acid soluble pool. 
" Average ± standard error of the mean. 
e Number of determinations in parentheses. 
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FIG 3. The ratio of RNA/DNA and the incorporation of (5-"H) 
uridine, into the RNA of CD-l female mouse epidermis, at varying 
intervals following abrasion. Vertical"bars represent the standard error 
of the mean. 
uridine into RNA during the production of the regenerative 
epidermal hyperplasia, and a gradual return toward normal 
levels in the incorporation of (5_3H) uridine into RNA during 
the period of epidermal regression (Fig 3A). 
Thus, our data strongly suggest that a large portion of the 
accumulation of ribosomes and total RNA during the produc-
tion of the regenerative epidermal hyperplasia following abra-
sion can be accounted for by increased ribosome and total RNA 
synthesis respectively, and the decrease in ribosome numbers 
and total RNA during the period of regression, is probably 
largely due to a decrease in the rate of synthesis of ribosomes 
and total RNA. 
Ribosom e accumulation associated with regenera tive epider-
mal hyperplastic growth, also occurs in epidermal hyperplastic 
growth produced by the application of chemicals [3,4]. In order 
to compare the role of ribosome synthesis in the accumulation 
of ribosomes during regenerative epidermal hyperplasia, to the 
role of ribosome synthesis in the accumulation of ribosomes in 
epidermal hyperplastic growth produced by the application of 
chemical irritants, we have investigated ribosome synthesis in 
epidermal hyperplast ic growth produced by a single topical 
application of 17nmoles of the powerful tumor promoter TP A. 
Unlike in the case of epidermal regeneration following abrasion, 
we had no information about the kinetics of epidermal growth 
and ribosome accumulation following TP A treatment, therefore 
we first studied these parameters. 
Following a single application of 17nmoles of TP A there is a 
highly significant (P < 0.002) increase in epidermal wet weight 
(Fig 4) which reaches its peak by day 2, remains high for the 
next few days, and then slowly returns toward normal levels by 
day 10, the end of the experimental period. Similarly, signifIcant 
increases are seen in total protein and DNA. As also is seen in 
May 1981 rRNA SYNTHESIS IN EPIDERMAL HYPERPLASTIC GROWTH 391 
regenerative epidermal hyperplasia following abrasion [1], there 
is a significant increase (P < 0.01) in the amount of protein per 
epidermal cell as indicated by the increase in the protein/DNA, 
and the protein/gm epidermis one day following TPA treatment 
(Table II). 
Associated with the marked epidermal growth following 
treatment with 17 nm of TP A there is a highly significant (P 
< 0.001) increase in the accumulation of rRNA and RNA, as 
indicated by the increases in rRNA/DNA and RNA/DNA (Fig 
5 and 6). The increases in these ra.tios are not accountable by 
the decreases in DNA (Table III), because significant increases 
are seen in rRNA and RNA/gm epidermis (Table IV). 
By day 1 following the application of 17 nm of TP A there is 
a marked increase in the acid soluble pool as indicated by the 
significant (P < 0.001) increase in the A260/DNA (Table V) and 
in the A260/gm epidermis (Table III). Also, dUl"ing the eru'ly 
hours after TP A treatment there is a significant increase (P < 
Per IOOcm2 Mouse Epidermis 
----- Wet Weight 
5 ()-<) DN A 
/x___.x/x""-- x-x Protein 
x x~ 
4 
~ I ~ 3 
f- ~ 2 
_x 
Normal I 2 3 4 5 6 7 8 9 10 
DAYS 
FIG 4. Epidermal wet weight, DNA and protein in CD-1 female 
mice foHowing a single application of 12-0-tetradecanoyl-phorbol-13-
acetate (TPA) . The average and standard error of the mean of the 
normal value for gm Epidermis/H)() em' of skin is 0.167 ± 0.0039 (8), 
for mg DNA/100 em' epidermis 0.875 ± 0.042 (8), and for mg Protein/ 
100 em' epidermis is 17.4 ± 2.5 (5) . The number of determinations are 
in parentheses. 
TABLE II. The protein content and the ratio of Protein/DNA in the 
epidermis of CD·l female mice following a single application of 17 
nrnoles of 12-0·tetradecanoyl-phorbol·13-acetate 
Time posl Pmlein TPA mg Prote in TPA 
TPA DNA Normal gm Epidermis Normal 
Normal 20.6 ± 1.7" 104 ± 12.6 
(5)" (5) 
3 hr 32.7 ± 2.5 1.6 187 ± 7.6 1.8 
(6) (6) 
5hr 31.5 ± 2.2 1.5 180 ± 6.9 1.7 
(5) (5) 
19 hr 37.5 ± 4.1 1.8 158 ± 17 1.5 
(6) (6) 
1 Day 28.0 ± 0.55 1.4 151 ± 7.7 1.5 
(5) (5) 
2 Days 31.1 ± 2.9 1.5 160 ± 16 1.5 
(5) (5) 
3 Days 32.5 ± 3.2 1.6 141±17.3 1.4 
(5) (5) 
4 Days 28.3 ± 2.2 1.4 104 ± 13 1.0 
(5) (5) 
5 Days 27.8 ± 2.1 1.4 127 ± 11 1.2 
(5) (4) 
6 Days 26.2 ± 2.5 1.3 125 ± 9.5 1.2 
(6) (6) 
7 Days 27.6 ± 2.5 1.3 136 ± 8.4 1.3 
(5) (5) 
10 Days 24.5 ± 2.1 1.1 147 ± 3.6 1.4 
(4) (4) 
" Average ± standard error of the mean. 
b Number of determinations in parentheses. 
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FIG 5. The ratio of rRNA/ DNA, and the incorporation of (5-"H) 
uri dine into the rRNA of cytoplasmic ribosomes of the epidermis of 
CD-1 female mice following treatment with 12-0-tetradecanoyl-phor-
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0.01) in the radioactivity in the acid soluble pool which de-
creases by day 1, but is still significantly elevated, (P < 0.05), 
but by day 2 retUl"ns to normal values for the rest of the 
experimental period (Table V) . 
Taking the changes in the acid soluble pool into account, one 
still sees a significant (P < 0.01) increase in the incorporation 
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TABLE III. The acid soluble pool and DNA content in the epidermis 
of CD-1 female mice following a single application of 17 nmoles of 
12-0-tetradecanoyl-phorbol-13-acetate (TPA) 
Time post A'l.(}() U ni ts
fl TPA mgDNA TPA 
TPA gm Epidermis Normal gm Epidermis Normal 
Normal 31.7 ± 2.1" 5.25 ± 0.21 
(8) C (8) 
3 hr 39.5 ± 1.6 1.3 5.89 ± 0.46 1.1 
(7) (7) 
5 hr 43.2 ± 1.4 1.4 5.78 ± 0.33 1.1 
(6) (6) 
19 hr 63.4 ± 3.0 2.0 4.25 ± 0.27 0.81 
(6) (6) 
1 Day 67.8 ± 6.5 2.1 5.37 ± 0.28 1.0 
(5) (5) 
2 Days 72.7 ± 6.3 2.3 5.16 ± 0.37 0.98 
(5) (5) 
3 Days 77.4 ± 6.9 2.4 4.32 ± 0.28 0.82 
(5) (5) 
4 Days 61.5 ± 5.1 1.9 3.63 ± 0.25 0.69 
(5) (5) 
5 Days 67.0 ± 5.8 2.1 4.38 ± 0.25 0.83 
(5) (5) 
6 Days 63.6 ± 2.2 2.0 4.83 ± 0.26 0.92 
(6) (6) 
7 Days 54.3 ± 3.2 1.7 5.01 ± 0.36 0.95 
(5) (5) 
10 Days 54.6 ± 2.5 1.7 6.08 ± 0.40 1.2 
(4) (4) 
" Acid soluble pool. 
" Average ± standard error of the mean. 
C Number of determinations in parentheses. 
TABLE IV . The rRNA and RNA of CD-1 female mouse following a 
single topical-application of 17 nmoles of 12-0-tetradecanoyl-
phorbol-13-acetate (TPA) in 0.2 ml acetone 
Time post mg Ribosomal RNA TPA mgRNA TPA 
TPA gm Epidermis Normal gm Epidermis Normal 
Normal 0.685 ± 0.60" 1.89 ± 0.063 
(8)" (8) 
3hr 1.17 ± 0.14 1.7 2.63 ± 0.11 1.4 
(4) (7) 
5 hr 0.892 ± 0.67 1.3 2.62 ± 0.076 1.4 
(6) (6) 
19 hr 1.23 ± 0.073 1.8 2.95 ± 0.22 1.6 
(6) (6) 
1 Day 1.64 ± 0.30 2.4 3.65 ± 0.17 1.9 
(4) (5) 
2 Days 1.94 ± 0.066 2.8 4.06 ± 0.25 2.2 
(5) (5) 
3 Days 1.32 ± 0.11 1.9 3.45 ± 0.38 1.8 
(4) (5) 
4 Days 1.04 ± 0.16 1.5 2.46 ± 0.26 1.3 
(5) (5) 
5 Days 0.982 ± 0.11 1.4 2.51 ± 0.29 1.3 
(5) (5) 
6 Days 1.00 ± 0.094 1.5 2.58 ± 0.060 1.4 
(6) (6) 
7 Days 1.01 ± 0.18 1.5 2.70 ± 0.12 1.4 
(4) (5) 
10 Days 1.25 ± 0.11 1:8 2.98 ± 0.13 1.6 
(4) (4) 
" Average ± standard error of the mean. 
"Number of determinations in parentheses. 
of (5_3H) uridine into both cytoplasmic rRNA (Fig 5) and total 
RNA (Fig 6) within 3 hr after the application of 17 nm of TP A. 
The increased incorporation of (5_3H) uridine into rRNA and 
RN A, although uneven, persists until about day 2 and then 
returns toward normal levels, but is still above normal levels by 
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TABLE V. The ratio of A 260/ DNA and the incorporation of (5_'JH) 
uridine into the acid soluble pool in CD-l female mice following a 
single application of 17 nm of 12-0·tetradecanoyl-phorbol-13-acetate 
(TPA) 
Time post A 'l.60 Units" TPA dpm in A"" Units TPA 
TPA 
mgDNA Normal mgDNA Normal 
Normal 6.05 ± 0.34" 31430 ± 3900 
(8)C (6) 
3 hr 7.10 ± 1.0 1.2 54040 ± 6170 1.7 
(7) (7) 
5 hr 7.60 ± 0.73 1.3 76360 ± 6420 2.4 
(6) (6) 
19 hr 15.1 ± 1.0 2.5 57090 ± 4380 1.7 
(6) (6) 
1 Day 12.6 ± 0.73 2.1 45780 ± 4150 1.5 
(5) (5) 
2 Days 14.2 ± 1.4 2.4 33270 ± 4760 1.1 
(5) (5) 
3 Days 18.3 ± 2.3 3.0 32280 ± 2430 1.0 
(5) (5) 
4 Days 17.1 ± 1.5 2.8 34990 ± 6120 1.1 
(5) (5) 
5 Days 15.4 ± 1.3 2.6 33970 ± 4430 1.1 
(5) (5) 
6 Days 13.3 ± 0.73 2.2 33500 ± 2820 Ll 
(6) (6) 
7 Days ILl ± 1.2 1.8 32170 ± 3750 1.0 
(5) (5) 
10 Days 9.00 ± 0.30 1.5 28070 ± 2930 0.89 
(4) (4) 
" Acid soluble pool. 
b Average ± standard error of the mean. 
,. Number of determinations in parentheses. 
the end of the experimental period. Thus, we may conclude 
that in TP A induced epidermal hyperplastic growth ribosome 
and total RNA synthesis playa significant role in the accumu-
lation of ribosomes and total RNA. 
Finally, we wish to point out that an autoradiographic study 
of the localization of the (5_3H) uridine in normal epidermis, 
and throughout epidermal hyperplastic growth, following abra-
sion or TP A treatment, shows that all the nucleated epidermal 
cell layers incorporate (5_3H) uridine and, therefore, are pre-
sumably active in rRNA and RNA synthesis (not shown). 
DISCUSSION 
Increased synthesis of epidermal ribosomes occurs during the 
production of an epidermal hyperplasia, either by abrasion or 
the application of TP A, and a return to normal levels of 
ribosome synthesis is associated with the regression of the 
epidermal hyperplasia. Thus the levels of ribosome synthesis 
during epidermal hyperplastic growth probably playa major 
role in regulating ribosome numbers in t he epidermal cells 
throughout hyperplastic growth. There is a rough correlation 
between the amount of ribosome accumulation and the amount 
of ribosome synthesis. Following abrasion approximately a 2x 
greater accumulation of ribosomes occurs than after the appli-
cation of 17 nmoles of TP A. Accordingly, the degree of ribosome 
synthesis is about 2x greater after abrasion than after TP A. 
Earlier we have pointed out that ribosome accumulation is 
not specific for hyperplastic growth. It occurs in essentially all 
forms of induced growth studied, such as liver and kidney 
regeneration, induction of liver growth by chemicals, mitogen 
stimulated lymphocyte proliferation in vitro, hormone induced 
growth, and the growth of fibroblasts in culture [1 ,5]' This 
investigation demonstrates that in epidermal hyperplastic 
growth, as in all the other forms of induced growth studied 
[1,5], ribosome synthesis plays an important role in bringing 
about ribosome accumulation. The role of ribosome degradation 
in ribosome accumulation in epidermal hyperplastic growth 
remains to be investigated if we are to fully understand the 
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mechanism by which ribosome accumulation is brought about 
in epidermal hyperplastic growth. Weare currently investigat-
ing this problem. 
Finally, we may ask why should epidermal cells increase their 
ribosome content during epidermal hyperplastic growth. Two 
processes control epidermal growth. Cell proliferation, usually 
limited to the basal layer, and keratinization or cornification, 
involving all epidermal cell layers, but principally the supra-
basal cell layers. Evidence is clear that in epidermal hyperplas-
tic growth following abrasion, or the application of TP A there 
is a marked increase in cell proliferation in the basal cells of the 
epidermis [2,6]. Thus, an increase in ribosomes in the basal 
cells is understandable. A survey of the literature reveals no 
published studies as to wheth er or not there is an increased rate 
of cornification or keratinization in the suprabasal cell layers 
during epidermal hyperplastic growth following abrasion or 
treatment with TP A. However, there is evidence that in x-
irradiation induced epidermal hyperplasia [12] as well as that 
seen after the application of croton oil [13], transit time, a rough 
measure of the rate of epidermal cornification, is reduced. If 
transit time is reduced following abrasion or TP A treatment, 
and current preliminary evidence from our laboratory suggests 
it is, then it may well be that the increased ribosome synthesis 
and accumulation in the supra basal basal cells is needed to 
bring about the enhanced rate of cornification or keratinization. 
The author wishes to thank J oAnn Spiewak and Karen Kirkman for 
their excellent technical help, and Mrs. Marilyn McKerchie for her 
excellent typing. 
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